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introduction
In 1967, wall-less microorganisms resembling mycoplasmas were seen
with the electron microscope in the phloem of plants infected with one of
several yellows-type diseases. Such diseases, up to that moment, were
thought to be caused by viruses. That same year, similar microorganisms
were seen in the insect vectors of these diseases. Furthermore, it was
shown that these microorganisms were susceptible to tetracycline but not
to penicillin antibiotics and that the symptoms of infected plants could be
suppressed, at least temporarily, by treatment with antibiotics.
Since then, more than 75 distinct plant diseases affecting seveial
hundred genera of plants have been shown to be caused by mycoplasmalike organisms. Among them are some .very destructive diseases, especially of trees, e.g., pear decline, coconut lethal yellowing, X-disease of
peach, apple proliferation, etc., but also of herbaceous annual and perennial plants such as aster yellows of vegetables and ornamentals, and
stolbur. Furthermore, several diseases, e.g., citrus stubborn and corn stunt,
were shown to be caused by spiroplasmas. The main characteristics of
yellows-type diseases are a more or less gradual, uniform yellowing or
reddening of the leaves, smaller leaves, shortening of the internodes and
stunting of the plant, excessive proliferation of shoots and formation of
witches'-brooms, greening or sterility of flowers and reduced yields and,
finally, a more or less rapid dieback, decline, and death of the plant (Fig.
182).
Although mycoplasmalike organisms have been observed in the
phloem of diseased plants, in sap extracted from such plants, and in the
insect vectors of some of them, the true nature of mycoplasmalike or-
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ganisms and their taxonomic position among the lower organisms is still
uncertain. Morphologically, the organisms observed in plants resemble
the typical mycoplasmas found in animals and humans and those living
saprophytically, but the mycoplasmalike organisms of plants cannot be
grown on artificial nutrient media. Also, so far, no plant disease has been
reproduced on healthy plants inoculated directly with mycoplasmalike
organisms obtained from diseased plants. The pathogens of at least two
diseases, citrus stubborn and corn stunt, have been grown on artificial
nutrient media and have even reproduced the disease in plants when
inoculated by insects injected with the organism from culture; however,
these pathogens differ from all other plant mycoplasmalike organisms
and from the true mycoplasmas in that they have a helical structure, they
are motile, and in some other characteristics. At present it is believed that
most of the plant mycoplasmalike organisms will be proved to be similar
to the true mycoplasmas, belonging to a new taxon rather than to either
of the two mycoplasma genera, i.e., Mycoplasma and
Acholeplasma,
while the citrus stubborn and the corn stunt organisms and any others
like them are placed in a newly created genus of mycoplasmas called
Spiroplasma.
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FIGURE
182.
Symptoms caused by mycoplasmalike organisms.
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Since, until recently, only mycoplasmas that infect animals and man or
are saprophytic were known, all information regarding mycoplasmas has
been obtained from the study of these types only.

TRUE

MYCOPLASMAS

Mycoplasmas are the third group of prokaryotic organisms, i.e., or
ganisms without an organized and bounded nucleus. The other such
prokaryotic groups are the bacteria and the rickettsiae.
The mycoplasmas make up the class of Mollicutes which has one
order, Mycoplasmatales. The order has three families: Mycoplasmataceae, composed of one genus, Mycoplasma, Acholeplasmataceae, also
composed of one genus, Acholeplasma,
and Spiroplasmataceae, also
composed of one genus, Spiroplasma. Mycoplasma differs from Achole
plasma in that its species require sterol for growth and are sensitive to
digitonin, while species of Acholeplasma
do not require sterol for growth
and are resistant to digitonin. Also, species of Mycoplasma have only half
as much DNA (5 x 10 daltons) as do species of Acholeplasma
(10
daltons), the amount of DNA in Acholeplasma
being about half, or at
most equal to that of the smallest bacteria (1.5 x 10 daltons). The
genome of Spiroplasma is 10 daltons.
Mycoplasmas lack a true cell wall and the ability to synthesize the
substances required to form a cell wall. Mycoplasmas, therefore, are
bounded only by a single triple-layered "unit" membrane. They are small,
sometimes ultramicroscopic cells containing cytoplasm, randomly dis
tributed ribosomes and strands of nuclear material. They measure from
175 to 250 nm in diameter during reproduction but grow into various
sizes and shapes later on. The shapes range from coccoid or slightly ovoid
to filamentous. Sometimes they produce branched mycelioid structures.
The size of fully developed coccoid mycoplasmas may vary from one to a
few microns, while slender branched filamentous forms may range in
length from a few to 150 μιη. Mycoplasmas seem capable of reproducing
by budding and by binary transverse fission of coccoid and filamentous
cells. Mycoplasmas have no flagella, produce no spores, and are gramnegative. Nearly all mycoplasmas parasitic to man and animals and all
saprophytic ones can be grown on more or less complex artificial nutrient
media in which they produce minute colonies that usually have a charac
teristic "fried egg" appearance. Mycoplasmas have been isolated mostly
from healthy and or diseased animals and humans suffering from diseases
of the respiratory and urinogenital tracts; they have been associated with
some arthritic and nervous disorders of animals; and some have been
found to exist as saprophytes. Most mycoplasmas are completely resis
tant to penicillin but they are sensitive to tetracycline, chloramphenicol,
some to erythromycin and to certain other antibiotics.
8
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MYCOPLASMALIKE
ORGANISMS OF PLANTS
The organisms observed in plants and insect vectors, with the exception
of spiroplasmas, resemble the mycoplasmas of the genera Mycoplasma or
Acholeplasma
in all morphological aspects. They lack cell wall, they are
bounded by a triple-layered "unit" membrane, and have cytoplasm, ribosomes and strands of nuclear material. Their shape is usually spheroidal
to ovoid or irregularly tubular to filamentous and their sizes comparable
to those of the typical mycoplasmas (Fig. 183).

FIGURE
183.
Aster yellows mycoplasma. (A) Typical large mycoplasmalike bodies bound by a
unit membrane and containing strands resembling DNA. The smaller particles
contain ribosomes. (B) Mycoplasmalike bodies in cytoplasm of infected phloem
parenchyma cell. (C, D) Several polymorphic mycoplasmas (C) and some
apparently undergoing binary fission or budding (C, D). (E) Invagination of some
mycoplasmalike bodies by others indicating the extreme pliability of the
organisms. (Photos courtesy J. F. Worley.)
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FIGURE
184.
Distribution of the peach yellows mycoplasma within vascular tissues of diseased
cherry showing symptoms. (Photo courtesy J. F. Worley.)

Plant mycoplasmalike organisms are generally present in the sap of a
small number of phloem sieve tubes (Fig. 184). However, unlike the
typical mycoplasmas, which grow only on, not in, cells, the plant mycoplasmalike bodies also grow in the cytoplasm of phloem parenchyma cells
and of their insect vectors. In such cases, the mycoplasmalike organisms
often appear in tightly packed colonies and consist of a single type of
spherical or ovoid cell.
Most plant mycoplasmalike organisms are transmitted from plant to
plant by leafhoppers (Fig. 185), but some are transmitted by psyllids,
treehoppers, planthoppers (see Fig. 215), and some possibly by aphids and
mites. Some of the pathogens are known to infect various organs of their
leafhopper or psyllid vectors and to multiply in their cells.
The insect vectors can acquire the pathogen after feeding on infected
plants for several hours or days. The insect may also become an infective
vector if it is injected with extracts from infected plants or vectors. More
insects become infective vectors when feeding on young leaves and stems
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of infected plants than on older ones. The vector cannot transmit the
mycoplasma immediately after feeding on the infected plant but it begins
to transmit it after an incubation period of 10 to 45 days, depending on
the temperature; the shortest incubation period occurs at about 30°C, the
longest at about 10°C. The incubation period in insects, however, can be
shortened by injecting them with high doses of extracts from infective
insects.
The incubation period is required for the multiplication and distribution of the mycoplasma within the insect (Fig. 185). If the mycoplasma is
acquired from the plant, it multiplies first in the intestinal cells of the
vector,- it then passes into the hemolymph and internal organs are infected. Eventually the brain and the salivary glands are invaded. When the
concentration of the mycoplasma in the salivary glands reaches a certain
level, the insect begins to transmit the pathogen to new plants and
continues to do so more or less efficiently for the rest of its life. Insect
vectors usually are not affected adversely by the mycoplasmas but in
some cases they show severe pathological effects. Mycoplasmas can usually be acquired as readily or better by nymphs as by adult leafhoppers and
survive through subsequent molts, but are not passed from the adults to
the eggs and to the next generation, which, therefore, must feed on
infected plants in order to become infective vectors.
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FIGURE
185.
Sequence of events in the overwintering, acquisition, and transmission of viruses,
mycoplasmas, and rickettsialike bacteria by leafhoppers.
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In spite of countless attempts by numerous investigators to culture
plant mycoplasmalike organisms on artificial nutrient media, including
the media on which all typical mycoplasmas grow, this has not yet been
possible. Although some investigators have recently reported successful
culture of mycoplasmalike organisms, these reports either could not or
have not yet been verified and it is possible that they describe maintenance rather than growth of these organisms in culture.
Plant mycoplasmalike organisms, like the typical mycoplasmas, are
attacked by viruses. Thus, in plants affected by one of several diseases, the
mycoplasmalike organisms present in the plants are infected with rodshaped or bacilliform viruslike particles. Since treatment of the plants
with antibiotics results in remission of disease and disappearance of the
mycoplasmalike organisms but not of the viruslike particles, it is assumed that the viruslike particles in mycoplasmas are not the causal
agents of the disease of the mycoplasma-infected plant.
In many cases, plants are infected with both a mycoplasmalike organism and a virus but the two pathogens are usually present in different
phloem sieve elements and only rarely in the same cells. They apparently
act independently of each other. In some diseases both pathogens are
transmitted by the same leafhopper vector. Some dual infections, however, seem to cause external symptoms that do not occur in plants
infected by either pathogen singly.
Mycoplasmalike organisms are sensitive to antibiotics, particularly
those of the tetracycline group. When infected plants are immersed
periodically into tetracycline solutions, the symptoms, if already present,
recede or disappear and, if not yet present, their appearance is delayed.
Foliar application of tetrayclines on infected plants is ineffective as are
soil drench applications. In trees, application of antibiotics is most successful by direct injection into the trunk by pressure or by gravity flow
and results in the alleviation or disappearance of symptoms for many
months. None of these treatments has, so far, cured any plants from the
disease: the symptoms reappear soon after treatment stops. Generally,
treatment of plants during the early phases of the disease is much more
effective than treatment of plants in advanced stages of the disease.
Infected growing plants or dormant propagative organs can be totally
freed of mycoplasmalike organisms by heat treatment. This can be
applied as hot air in growth chambers at 30° to 37°C for several days,
weeks or months, or as hot water in which dormant organs are immersed
at 30 to 50°C for as short as 10 minutes at the higher temperatures and as
long as 72 hours at the lower temperatures.

SPIROPLASMAS
Spiroplasmas have so far been found in citrus plants infected with the
stubborn disease (Spiroplasma citri), in corn plants infected with the
stunt disease, in Bermuda grass showing witches'-broom symptoms, and
in the ornamental cactus Opuntia tuna monstrosa. Recently, a spiroplasma was reportedly obtained and grown in culture from aster plants
infected with what was assumed to be the aster yellows mycoplasma. Two
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spiroplasmas have also been found in animals: one, the suckling mouse
cataract agent, isolated from ticks and infected mice; the other, the sex
ratio organism (SRO), found in several species of Drosophila,
is inherited
maternally and kills the males in the progeny of infected females. Spiro
plasmas are pleomorphic cells that vary in shape from spherical or slightly
ovoid, 100 to 250 nm or larger in diameter, to helical and branched
nonhelical filaments that are about 120 nm in diameter and 2 to 4 μ,ηι
during active growth and considerably longer in later stages of their
growth. Unlike the mycoplasmalike organisms described above, spiro
plasmas can be obtained from their host plants or their insect vectors and
cultured on nutrient media (Figs. 186 and 187). They produce mostly
helical forms in liquid media. It is not yet known with certainty how they
multiply, but it is likely that they multiply by binary fission. They lack a
true cell wall and are bounded by a single triple-layered "unit" membrane

FIGURE
186.
Corn stunt spiroplasmas isolated from infected corn plants and grown on nutrient
media. (A) Electron micrograph of a spiroplasma showing typical helical
morphology (scale bar, 0.5 μηι). (Β) Living spiroplasmas from liquid cultures
observed by dark field microscopy. (C) Colonies of corn stunt spiroplasma on agar
plates 14 days after inoculation (scale bar, 0.05 mm). (Photos courtesy T. A. Chen,
from Chen and Liao, Science 1 8 8 : 1 0 1 5 - 1 0 1 7 . Copyright © 1975 by the American
Association for the Advancement of Science.)
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FIGURE
187.
(A) A replicative form of Spiroplasma citri isolated from stubborn-infected citrus.
Platinum shadowing from a log-phase culture fixed with glutaraldehyde. (B)
Spiroplasma citri obtained from its leafhopper vector, Circulifer tenellus, and
grown in broth culture. N o t e presence of bleb. (C) Spiroplasma citri in sieve plate in
midvein of sweet orange leaf. (Photos courtesy E. C. Calavan.)

but on the surface of the membrane they also have an additional outer layer
of periodically repeated short projections. Spiroplasmas, unlike the true
mycoplasmas and the mycoplasmalike organisms, are gram-positive or
gram-variable. The helical filaments are motile, moving by a slow undulation of the filament and probably by a rapid rotary or "screw" motion of the
helix. There are no flagella. Colonies of spiroplasmas on agar have a
diameter of about 0.2 mm; some have a typical "fried egg" appearance, but
others are granular (Fig. 186C). Spiroplasmas require sterol for growth.
They are resistant to penicillin but inhibited by erythromycin, tetracycline, neomycin, and amphotericin.
The amount of DNA in spiroplasmas is equal to that of Acholeplasma
and of the smallest bacteria. The citrus spiroplasma has been shown to
be attacked by at least three different kinds of viruses.
Most known plant spiroplasmas, e.g., Spiroplasma citri and the corn
stunt spiroplasma, have been obtained from their respective hosts and
vectors, have been grown as pure cultures on nutrient media, and have
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been injected into or fed to their insect vectors which then, upon feeding
on the host plants, transmitted the organisms to the plants. The hosts
thus inoculated developed typical symptoms of the disease. The pathogens could then be recovered from such plants again and grown and
observed in culture. Thus, the spiroplasmas are definitively the causes of
their respective diseases. Although some of these organisms are serologically related they are by no means identical; also they seem to be distinct
from each other in the hosts they infect and in certain nutrients required
for growth of each in culture.

other organisms
that resemble
mycoplasmas:
L-forms of bacteria
In addition to the three types of organisms described above, the bacteria
often produce variants that fail to produce cell walls. The progeny of such
variants comprise populations of wall-less bacteria, called L-form or
L-phase bacteria, that are morphologically indistinguishable from mycoplasmas and the mycoplasmalike organisms observed in plants. L-form,
i.e., wall-less, bacteria are usually produced under laboratory conditions
when penicillin or other substances that inhibit cell wall production are
added to the culture medium. They can apparently also develop in living
organisms during treatment with certain antibiotics.
L-form bacteria are either unstable and revert to the original bacterial
form when the substance inhibiting bacterial cell wall formation is removed from the medium, or they are stable, i.e., they are unable to revert
to the original bacterium. L-form bacteria can be cultured on the same
simple nutrient media as the original bacteria, but they usually lose any
pathogenicity the original bacteria may have had. It is still uncertain,
however, whether the L-form bacteria might not play a role in the persistence of disease agents during antibiotic treatments, in the recurrence of
disease, and in latency by exhibiting a high degree of resistance to antibiotics acting on cell wall synthesis and by reverting to the original
pathogenic bacteria at the termination of the antibiotic treatment. It is
also conceivable that, in vivo, the L-form bacteria may themselves induce
disease without reversion to the bacterial parents. Usually, however,
L-form bacteria become more permeable, and thereby more sensitive, to
antibiotics that affect other cell functions besides cell wall synthesis.
Although the ability to form L-forms is now accepted as a general
property of bacteria, the only plant pathogenic bacterium reported to
produce L-forms is Agrobacterium tumefaciens, the cause of crown gall
disease. Moreover, the L-forms of this bacterium retained the pathogenicity of the parent bacteria, produced tumors identical to those produced by
the bacteria and could be reisolated and cultured from such tumors.
Since L-form bacteria are morphologically indistinguishable from
mycoplasmas and plant mycoplasmalike organisms, their diagnosis de-
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pends on their ability to grow on simple nutrient media and to revert to
the original bacteria in culture. In some cases, more complex tests involving a comparison of DNA composition and homologies may be necessary
to provide a definitive diagnosis.

examples of
plant diseases caused
by
mycoplasmalike
organisms
Among the most important plant diseases caused by mycoplasmalike
organisms are aster yellows, apple proliferation, coconut lethal yellowing, elm phloem necrosis, grapevine flavescence doree, papaya bunchy
top, peach X-disease, peach yellows, pear decline, stolbur diseases of
solanaceous plants, tomato big bud, and many more. In addition, two
diseases caused by spiroplasmas, citrus stubborn and corn stunt, are also
of great economic importance.
•

Aster

Yellows

Aster yellows occurs in North America, Europe, and Japan. The pathogen
attacks many vegetables, ornamentals, and weeds belonging to more than
forty families. Some of the most severely affected hosts are carrot, lettuce, onion, spinach, potato, barley, flax, aster, gladiolus, tomato, celery,
and phlox.
Aster yellows affects plants by causing a general yellowing (chlorosis)
and dwarfing of the plant, abnormal production of shoots, sterility of
flowers, malformation of organs, and a general reduction in the quantity
and quality of yield (Fig. 188). Losses from aster yellows vary considerably
among the different host crops, the greatest losses being suffered by
carrot, in which losses between 10 and 25 percent are rather common and
occasional losses of 80 to 90 percent have been reported. The products of
infected plants, in addition to being reduced in size or quantity, also have
an unpleasant flavor.
Symptoms.
Although the general effects of aster yellows on most
kinds of host plants are similar, each kind of host plant also produces
characteristic symptoms which may differ appreciably from those produced on other hosts.
On carrot, symptoms appear first as a veinclearing and then yellowing
of the younger leaves at the center of the crown. Soon after, infected
plants produce many adventitious shoots that give the tops the appearance of a witches'-broom (Fig. 188A). The internodes of such shoots are
short, as are the petioles of the leaves. The young leaves are generally
smaller and more narrow and often become dry. The petioles of the older
leaves become twisted and eventually break off. In the later part of the
season, the remaining older leaves usually become bronzed and reddened.
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FIGURE
188.
Symptoms of aster yellows disease on various hosts. (A) On carrots. Note the
bushy tops and the stunted, hairy, tapered roots of the infected carrots. Healthy
plant at right. (B) On onion. Diseased flower cluster showing varying degrees of
distortion and sterility. (C) Distortion, yellowing, and stunting of tomato plant
and fruits. (D) Yellowing and stunting of lettuce. (Photo A courtesy Ν. Y. Agric.
Expt. Sta., Geneva. Photos B - D , Dept. Plant Pathol., Cornell Univ.)

Plants infected while very young may die before reaching maturity. In
later infections, the resulting bushy tops not only make the plants un
sightly and reduce their market value, but they also make mechanical
harvesting of carrots difficult or impossible and, furthermore, predispose
the roots to various soft rots in the field and in storage. The floral parts of
infected plants are deformed.
Aster yellows also affects the carrot roots, and the earlier the infection
takes place the more severe the damage produced. Infected carrots are
generally small, tapered, abnormally shaped, and have a variable number
of woolly secondary roots on which the soil clings tenaciously when the
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plant is pulled from the ground. The crown of infected roots, instead of
being flat or hollowed as in healthy plants, bulges upward, forming a
conelike neck. In longitudinal section, the xylem or core of infected
carrots appears enlarged while the cortex zone is much narrower than in
healthy carrots. The core of infected carrots appears translucent and also
somewhat lighter in color. Infected carrots have an unpleasant flavor, the
degree of which is proportional to the severity of the disease. In processed
carrots (canned or frozen purees), the presence of even 15 percent of
yellows-infected carrots imparts an objectionable off flavor to the entire
processed product.
The pathogen: aster yellows mycoplasmalike
organism.
The aster
yellows pathogen has the morphology, size, and properties of the mycoplasmalike organisms of plants described earlier in this chapter (Fig. 183).
However, it was reported recently that the aster yellows organism was
grown in culture in which it produced typical spiroplasmas.
Aster yellows has been transmitted by budding or grafting, by the
leafhopper Macrosteles fascifrons, and by several other leafhoppers.
Development of disease.
The mycoplasma overwinters in perennial
or biennial, ornamental, vegetable, and weed plants. A few of the most
important weeds that serve as a reservoir for the pathogen are thistle,
wild chicory, wild carrot, dandelion, field daisy, black-eyed Susan, and
wide-leafed plantain.
The vector leafhopper acquires the mycoplasma while feeding by inserting its stylet into the phloem of infected plants and sucking the
mycoplasma with the plant sap. At the end of the incubation period in the
insect, during the feeding of the insect on healthy plants, the mycoplasma
is injected through the stylet into the phloem of the healthy plants, where
it establishes infection and multiplies. When inoculation takes place in
the leaf the mycoplasma moves out of the leaf and into the rest of the
plant occasionally within 8 hours but generally within 24 hours after
inoculation. Infected plants usually do not show symptoms until after an
incubation period of at least 8 to 9 days at 25°C, and 18 days at 20°C,
while no symptoms develop at 10°C. The length of incubation period in
plants is independent of the number of feeding vector insects and of the
length of their feeding.
Aster yellows mycoplasma seems to be limited primarily to the
phloem of infected plants. Some cells adjacent to the young sieve elements first become altered physiologically, become hypertrophied, and
then die. Surviving cells become hyperplastic, but these too soon die.
Cells surrounding the necrotic areas then begin to divide and enlarge
excessively, producing abnormal sieve elements, while the phloem elements within the necrotic areas become degenerate and collapse.
Control.
Several measures help reduce losses from aster yellows,
although none of them will control the disease completely. Eradication of
perennial or biennial weed hosts from the field, roadways, and fences, and
avoidance of planting a susceptible crop next to a crop harboring the
pathogen, help eliminate a large source of mycoplasma inoculum. Control of the leafhopper vector in the crop and on nearby weeds with
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insecticides as early in the season as possible helps reduce transmission
of the mycoplasma to the crop plants and thus reduces incidence of the
disease. Certain varieties of plants are more resistant to the disease than
others, but none are immune; during severe outbreaks of the disease,
they, too, suffer serious losses.
Experimentally, aster yellows can be controlled by immersing the
roots of newly infected plants in solutions of tetracyclines. Weekly
immersions suppressed symptom development in infected plants, but
symptoms usually reappeared within 2 to 4 weeks after treatment was
discontinued. Foliar sprays or drenching of the soil around the plant with
tetracyclines had little or no effect in controlling the disease.
•

Lethal Yellowing of Coconut

Palms

Lethal yellowing appears as a blight that kills palm trees within 3 to 6
months after first appearance of symptoms. The disease is present in
Florida and most Caribbean islands, and probably in Panama, Venezuela,
West Africa, and elsewhere. The disease was first identified in Key West in
1955 and in the next five years killed about three-fourths of the coconut
palms in Key West. Lethal yellowing appeared in the Miami area of the
Florida mainland in the fall of 1971 and it had killed an estimated 15,000
trees by October 1973 and 40,000 coconut palms by August 1974. By
August 1975, 75 percent of the coconut palms in Dade County (Miami
area) were reported to have been killed by, or be dying of, the lethal
yellowing disease. In addition to coconut palm (Cocos nucifera), the
disease apparently affects several other kinds of palms growing in south
Florida, including Veitchia, Pritchardia, Phoenix, Corypha, and others.
All the diseased palms appear to be infected with mycoplasmalike organisms, and decline and die with symptoms similar to lethal yellowing.
The symptoms of lethal yellowing appear at first as a premature drop
of coconuts of any size. Then, the next inflorescence that appears has
blackened tips, almost all its male flowers are dead and black (Fig. 189B),
and sets no fruit. Soon the lower leaves turn yellow and the yellowing
progresses upward from the older to the younger leaves. The older leaves
then die prematurely, turn brown, and cling to the tree while the younger
leaves are turning yellow (Fig. 189A). Before long, however, all the leaves
die, as does the vegetative bud. Finally, the entire top of the palm falls
away and leaves nothing but the tall trunk of the palm tree which by now
looks like a telephone pole.
The pathogen is a mycoplasmalike organism morphologically similar
to all other such organisms observed in plants. The pathogen occurs
mainly in young phloem cells (Fig. 190). Although the disease is obviously spreading rapidly in nature, the vector is not yet known.
Control of lethal yellowing is so far being attempted primarily by
sanitation measures, i.e., removal and burning of diseased palms as soon
as symptoms appear, to reduce the source of inoculum from which the
vector(s) can transmit the pathogen to healthy trees. Among the various
coconut palms, only certain Malayan dwarf varieties appear to be resistant or immune to lethal yellowing and thousands of such trees are now
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FIGURE
189.
(A) Coconut palm in late stage of decline as a result of infection with lethal
yellowing. (B) Necrosis of inflorescence of coconut palm, an early diagnostic
symptom of lethal yellowing. (Photos courtesy R. E. McCoy.)

FIGURE
190.
(A) Mycoplasmalike organism in sieve element of young infloresence of coconut
palm infected with lethal yellowing. (B) Lethal yellowing mycoplasmas passing
through a sieve-plate pore lined with callose. (Photos courtesy Μ. V.
Parthasarathy, horn Phytopathology
64:667-674.)
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planted to replace the other coconut palms wherever lethal yellowing
exists.
Very encouraging results of lethal yellowing control have been obtained by treating infected trees with solutions of tetracycline antibiotics.
When 0.5 to 20 g of oxytetracycline hydrochloride is injected into trunks
of diseased palms through either gravity flow or pressurized trunk injection, symptom expression is arrested or slowed down for several months
and healthy new inflorescences and leaves grow in treated palms 3 to 4
months after initial treatment. Palms respond much better when treated
with tetracycline in the early or preyellowing stages of disease development than in more advanced stages of the disease. The higher dosages of
antibiotic (6 to 20 g per tree) are more effective in inducing remission in
intermediate to advanced stages of the disease and their effect is longer
lasting than that of lower dosages.
•

Elm Phloem

Necrosis

The disease occurs in about 15 central and southern states and was
recently found in Pennsylvania and New York. Elm phloem necrosis
epidemics have killed thousands of trees in each of numerous communities.
The symptoms consist of a general decline of the tree in which the
leaves droop and curl, turn bright yellow, then brown, and finally fall (Fig.
191 A, B). Some trees are killed within a few weeks and most trees that

FIGURE 191 (A, B).
Elm phloem necrosis. (A) Diseased tree. (B) Discolored inner bark of diseased tree.
(Photos courtesy W. A. Sinclair).
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show symptoms in June or July die in a single growing season. If the tree
was infected late, it may live through the winter but then in the spring it
produces a thin crop of small leaves and dies soon after. In later stages of
the disease the inner layers of peeled bark (phloem) at the base of the stem
show a butterscotch-brown color and have a faint odor of wintergreen.
The latter characteristics are often used for a quick diagnosis of the
disease. The discoloration of the phloem is apparently the result of rapid
deposition of callose within the sieve tubes and then collapse of sieve
elements and companion cells. The cambium produces replacement
phloem but its cells become quickly necrotic also.
The pathogen is a mycoplasmalike organism present in the phloem of
infected trees. It is transmitted from diseased to healthy trees by the
leafhopper Scaphoideus
luteolus.
Injection of tetracyclines into recently infected trees causes remission
of symptoms for several months and up to three years. Severely diseased
or dead trees should be removed and burned.
•

Peach

X-disease

X-disease, including western X-disease, occurs in the northwestern and
northeastern parts of the U.S. and the adjacent parts of Canada. It also
occurs in Michigan and several other states. Where present, X-disease is
one of the most important diseases of peach. Affected trees become
commercially worthless in 2 to 4 years. Young peach trees are rendered
useless within one year of inoculation. X-disease of peach also attacks
sweet and sour cherries, nectarines and chokecherries.

FIGURE 191 (C).
Peach tree showing symptoms of X-disease. (Photo courtesy D. Sands).
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The symptoms of X-disease of peach appear as a slight mottle and
reddish purple spots on the leaves of some or all branches. The spots die
and fall out, giving a "shot-hole" appearance to the leaf. The leaves take
on a reddish coloration and roll upward. Later, most leaves on affected
branches drop except the ones at the tips (Fig. 191C). The fruits on
affected branches usually shrivel and drop soon after the symptoms appear on the leaves. Any fruits remaining on the trees ripen prematurely,
have an unpleasant taste and are unsalable. No seeds develop in the pits
of affected fruit. Fruits on healthy looking parts of infected trees show no
signs of the disease.
The pathogen is a mycoplasmalike organism found in the phloem
sieve tube elements of diseased trees. The pathogen is transmitted by
several species of leafhoppers of the genera Colladonus,
Scaphytopius,
etc., and, of course, by budding and grafting. Peach trees inoculated early
in the season develop symptoms in less than two months while later
inoculations may not produce symptoms until the following season. The
insect vector can transmit the pathogen within trees of the same species
and between trees of different species, e.g., from chokecherry to peach. It
appears, however, that in the northeastern U. S. either the vector strain or
the pathogen strain is different in that the pathogen is transmitted from
chokecherry to peach or to chokecherry but not from peach to peach. This
property has allowed successful control of X-disease on peach by eradicating chokecherry from the vicinity of peach orchards in a zone within
about 200 meters from the orchard. Additional controls include the use of
disease-free scion wood and rootstocks, and removal of diseased trees.
Injections of tetracyclines into diseased trees results in temporary remission of X-disease symptoms and in reduced transmission of the disease by
leafhoppers that obtain the inoculum from treated trees.
•

Pear

Decline

The pear decline occurs in the Pacific coast and some east coast states, in
Europe, and probably in other continents where similar declinelike disorders of pear have been observed but whose relationship to pear decline has
not been established. Pear decline causes either a slow, progressive
weakening and final death of trees or a quick, sudden wilting and death of
trees. The disease can be extremely catastrophic, having killed more than
1,100,000 trees in California between 1959 and 1962. Pear decline affects
all pear varieties when they are grafted on certain rootstocks. Although
oriental rootstocks such as Pyrus serotina and P. ussuriensis are affected
the most, pear decline has also been observed on pear varieties grafted on P.
communis, P. betulaefolia, and on quince.
The symptoms of pear decline in the "slow decline" syndrome appear
as a progressive weakening of the trees which, however, may continue to
live for many years, but eventually, despite occasional apparent improvement, are killed by the disease. During this period there is little twig
growth, the leaves are few, small, pale green and leathery and roll slightly
upward (Fig. 192). Such leaves often turn reddish in late summer and drop
off prematurely in the fall. In the early stages of the disease the trees

PEAR DECLINE

FIGURE
192.
( A - C ) Pear decline. (A) "Bartlett" pear tree on Pyrus serotina rootstock showing
symptoms of chronic pear decline. (B) As in (A) but chronic decline is more
advanced—poor tree growth; few, small fruits. (C) "Bartlett" tree recovering after
injection with 1 g oxytetracycline hydrochloride the previous September. Note
new elongated shoots and denser leaf growth. (D) Mycoplasmalike organisms in
phloem sieve tube of leaf of pear tree affected by pear decline. Arrows point to
" u n i t " membrane. (Photos A - C courtesy G. Nyland, D courtesy Hibino and
Schneider, horn Phytopathology
60:499-501.)

produce abundant blossoms but as the disease progresses the trees produce fewer blossoms, set fewer fruit, and the fruits are small. By this time,
although starch accumulates above the graft union, it is almost absent
below the union and most of the feeder roots of the tree are dead.
In the "quick decline" syndrome the trees wilt suddenly and die
within a few weeks. Quick decline is more common in trees grafted on
oriental rootstocks while trees grafted on other rootstocks usually develop the slow decline syndrome.
Both types of pear decline can be detected and verified by a microscopic observation of the phloem below the graft union: In diseased trees
the current season's ring of phloem immediately below the graft union

529

530

PLANT DISEASES CAUSED BY MYCOPLASMALIKE ORGANISMS

degenerates and the degeneration becomes more pronounced as the season progresses. Also, at the graft union of diseased trees, narrow, small
sieve tube elements (replacement phloem) are produced rather than normal ones. Pear decline can be transmitted by budding or grafting, although only about one-third of the buds seems to transmit the disease.
Pear decline is also transmitted naturally by pear psylla (Psylla pyricola),
large numbers of which are responsible for the outbreaks of the disease.
The pathogen is a mycoplasmalike organism present in the phloem
sieve elements. The bodies are mostly spherical to oblong particles of
about 50 to 800 nm relatively few are elongated (Fig. 192D). In pear
psylla, the pathogens are present in various organs of the insect but seem
to be almost five times more common in the cephalic part of the foregut
than they are in the salivary glands.
A certain degree of control of pear decline is obtained by growing pear
varieties on resistant rootstocks such as Pyrus communis and by avoiding
the highly sensitive oriental rootstocks. Control of the pear psylla vector
has not been successful. However, injection of 6 to 8 liters of a tetracycline solution (100 mg/liter) in the trunk of infected trees soon after
harvest prevents leaf curl symptoms in the fall of the current season and
greatly stimulates shoot and spur growth of treated trees the following
season. When two or three such treatments are made in the fall, previously severely diseased trees are restored to normal or near normal condition (Fig. 192C). Antibiotic treatments must continue annually, however,
or the disease will reappear.
;

•

Citrus Stubborn

Disease

Citrus stubborn is present in all the Mediterranean countries, southwestern U.S., Brazil, Australia, and possibly in South Africa. In some Mediterranean countries and in California, stubborn is regarded as the greatest
threat to production of sweet oranges and grapefruit. Because of the slow
development of symptoms and the long survival of affected trees, spread
of stubborn is insidious and its detection difficult. However, yields are
reduced drastically; the trees produce fewer fruits and many of those are
too small to be marketable. In California, approximately two million
orange, grapefruit, and tangelo trees are so severely affected that they are
practically worthless and many more trees are infected in one or several
branches but are not yet severely damaged.
The symptoms of stubborn disease appear on leaves, fruit, and stems of
all commercial varieties regardless of rootstock (Fig. 193). Symptoms,
however, vary a great deal and frequently only a few are expressed at one
time on an entire tree or parts of a tree. In general, affected trees show a
bunchy upright growth of twigs and branches, with short internodes and
an excessive number of shoots; multiple buds and sprouts are common.
Some of the affected twigs die back. The bark is thickened and sometimes
pinholed. The trees show slight to severe stunting and often appear flat
topped. The leaves are small or misshapen or both, often mottled or
chlorotic. Excessive winter defoliation is common in infected trees. Affected trees bloom at all seasons, especially in the winter, but produce

CITRUS STUBBORN DISEASE

FIGURE
193.
(A) Six-year-old sweet orange trees. Healthy at left, stubborn diseased at right
showing extreme dwarfing. (B) Tangerine showing stylar-end greening and acorn
shape (left) and healthy fruit. (C) Leaf symptoms of stubborn on sweet orange. (D)
Four stubborn and one normal fruit of sweet orange. (Photos courtesy E. C.
Calavan.)

fewer fruits. Some of the fruits are very small, lopsided, or otherwise
deformed, frequently resembling acorns. Such fruits have normally thick
rind from the stem end to the fruit equator, and abnormally thin rind
from there to the stylar end. The rind is often dense or cheesy. Some fruits
show greening of the stylar end or inverted development of ripe coloration in which, normally, color appears first at the stylar end. Affected
fruit tends to drop prematurely and an excessive number of them become
mummified. Fruits are usually sour or bitter and have an unpleasant odor
and flavor. Also, fruits from affected trees or parts of trees tend to have
many poorly developed, discolored, and aborted seeds.
citri (Fig. 187). It is found in the sieve
The pathogen is Spiroplasma
tubes of stubborn-diseased citrus phloem from which it can be obtained
and cultured readily on artificial media. Spiroplasma
citri was the first
mycoplasmalike pathogen of a plant disease to be cultured. Within
phloem sieve tubes the pathogen is present mostly as what appear to be
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spherical, ovoid, or elongated forms and occasionally as helical filaments.
In liquid cultures, the pathogen appears primarily as motile helical filaments that are sometimes connected to irregularly shaped main bodies.
The pathogen may lose its helical structure and motility in older cultures
or on solid agar media, and then appears mostly as irregular filaments and
blebs. The pathogen is gram-positive, has a layer of surface projections on
the cytoplasmic membrane, and is usually found infected with one of
three distinct kinds of virus. The pathogen has a sharp optimum temperature for growth at about 30 to 32°C, while little growth occurs at 20°C
and none at 37°C. The pathogen is insensitive to penicillin but is highly
sensitive to tetracycline and less so to amphotericin, neomycin, and
digitonin.
Citrus stubborn disease is transmitted with moderate frequency by
budding and grafting. It is also known to spread naturally in citrus orchards and a vector has been suspected and searched for intensively.
Recently, Spiroplasma citri was isolated and cultured from Circulifer
tenellus leafhoppers found feeding on sweet orange seedlings and nearby
weeds. In other transmission experiments, the leafhopper Scaphytopius
nitridus, which reproduces on citrus trees, acquired the pathogen from
stubborn-diseased citrus and transmitted it to healthy sweet orange seedlings. Also, when the leafhoppers S. nitridus and Euscelis plebejus were
injected with a pure culture of the pathogen and were then allowed to
feed on sweet orange seedlings, they transmitted the pathogen to the
seedlings and the latter developed stubborn disease symptoms. Moreover,
the pathogen can survive from about 2 weeks to as long as 3 months in
vivo in several species of leafhoppers, planthoppers, psyllids, plant bugs,
and even Drosophila, following injection of these insects with a pure
culture of Spiroplasma citri. However, none of these experimental hosts
is known to be a vector of the disease in nature.
Stubborn disease can be detected and diagnosed by the symptoms it
causes on trees in the field; by indexing on seedlings of several varieties of
sweet orange, tangelo, grapefruit and other citrus which usually develop
symptoms within 2 to 8 months in the greenhouse and within 15 to 24
months in the field; and by remission of stubborn disease symptoms of
diseased trees following injection of erythromycin, tylosin, or tetracycline
into the trunks of the trees.
Control of citrus stubborn depends on the use of spiroplasma-free
scionwood and rootstocks, detection through indexing and removal of
infected trees, and through antibiotic treatments of affected trees after
the fruit has been picked.
•

Corn Stunt

Disease

Corn stunt occurs in the southern U.S., Central America, and northern
South America. The disease causes severe losses in most areas where it
occurs, although disease severity varies with the variety and the stage of
host development at the time of infection.
The symptoms consist at first of faint yellowish streaks in the
youngest leaves. As the plant matures the yellowing becomes more apparent and more general over the leaves; soon much of the leaf area turns

CORN STUNT DISEASE

red to purple, especially on the upper leaves. Infected plants remain
stunted due to shorter stem internodes, particularly in the part of the
plant produced after infection, which gives the plants a somewhat
bunchy appearance at the top (Fig. 194). Infected plants often have more
ears than do healthy plants but the ears are smaller and bear little or no
seed. Tassels of infected plants are usually sterile. There is also a prolifer
ation of sucker shoots and, in severe infections, of roots.
The corn stunt pathogen was the first spiroplasma discovered. Its
morphology is very similar to the one causing the stubborn disease of
citrus (Fig. 194B and Fig. 186). The corn stunt spiroplasma has been grown
on artificial nutrient media and its pathogenicity proven either by inject
ing leafhopper vectors with, or allowing them to feed on, pure cultures of
the spiroplasma and then allowing them to feed on healthy corn seed
lings. The inoculated plants developed typical corn stunt symptoms and
the spiroplasma was reisolated and cultured from such plants.
Corn stunt is transmitted in nature by the leafhoppers Dalbulus
elimatus, D. maidis, Graminella nigrifrons, and others. The leafhoppers

FIGURE
194.
(A) Corn stunt disease in corn. Leaves show chlorotic streaks, plant is stunted,
proliferation begins at nodes, and tassel is sterile. (B) Portions of corn stunt
spiroplasmas as seen in a section of phloem tissue from a corn stunt-infected
plant. (Photos courtesy R. E. Davis, Β horn Phytopathology
63:403-408.)
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must feed on diseased plants for several days before they can acquire the
spiroplasma and an incubation period of two to three weeks from the start
of the feeding must elapse before the insects can transmit the spiroplasma
to healthy plants. A feeding period of a few minutes to a few days may be
required for the insects to inoculate the healthy plants with the spiro
plasma. Plants show corn stunt symptoms 4 to 6 weeks after inoculation.
Where the corn stunt spiroplasma overwinters is not known with
certainty although it was previously believed to overwinter in Johsongrass and possibly other perennial plants. In the tropics, it perpetuates
itself in continuous croppings of corn.
Control of corn stunt depends on the planting of corn hybrids resistant
to corn stunt.
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